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COUPLED  CIRCULATION  &  WAVE  MODEL 


Visualization 


cufetioFTmodeling 

^  Coupling  of  ocean  models 

■  Influence  of  Wind  Waves 
on  Surface  and  Bottom 
Stress 
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>  Sigma  coordinate  in  the  vertical  coordinate. 

>  Imbedded  turbulence  closure  sub-model^  to  provide 
vertical  mixing  coefficients. 

MWfee  surface  and  a  split  time  step. 


The  continuity  equation 


.  .  d  z 

The  Reynolds  momentum  equations. 
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The  turbulent  kinetic  energy  equations. 
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urface  Forcing 


^  ce  stress  I 

-  Heatflux/SST 
Bottom  Conditions 

-  Bathymetry 

-  Wave-current  interaction 
Laterai  Conditions 

-  Temperature 


CuTTent 

gTemperature 

Salinity 

Density 

Diffusion  coefjicient 
elevation - 


WAM  :  AJChird  Generation  Ocean 


Evolution  of  the  two-dimensional  wave  spectrum,  F(f,  0,t) 
in  spherical  coordinates,  is  governed  by  the  transport  equation 
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X  F  + 


0  F  =  S 


where  (|)  is  latitude;  X  is  longitude 


■Spectral  energy  balance  concept 


“ew  wind  input  physics 
■A  third  generation  wave  model 


>  Deep  and'shallow  water 

>  Without  or  with  depth  and  current 
refraction 

>  Dissipation  of  white-capping 

>  Wave  generation  by  wind 

>  Noniinear  wave-wave  interaction 
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Significant  wave  height; 
Mean  wave  direction 
Mean  frequency 
Friction  velocity 
Wind  direction  __ 
Wave  peak  frequelicy 
Drag  coefficient 
Normalized  wave  stress 
)sdJmensionalsDe( 
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Coupling  Modes 


WAM 


Surface  module 


^rad 


Us,11 


Bottom  module 


fw  =  peak  wave  frequency 
Tt,  =  bottom  shear  stress 
Ug  =  surface  current 
=  surface  shear  stress 
Trad  =  radiative  shear  stress 
hg  =  wave  height 

r|  =  sea  level 

Zoi,= bottom  roughness 
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Surface  stress  due  to  wind 


=  ?  aC  dU 


Cd= 


1.14x10-^ 

(1.14+0.065UIO  )xlO-^ 


-  air  density 
Cj3  -  drag  coefficient 
Uio  -  wind  speed  at  10m  height 


Surface  roughness: 

_  ax 

Pag  ^ 


Drag  coefficient: 
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0  -  Wave  propagation  direction 
(p  -  wind  direction 
CO  -  angular  frequency 
y  -  growth  rate  of  wave 
F  -  2-D  spectrum 
-  water  density 
a-  Chamock  constant 
K-  Von  Karman  constant 
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Conceptual  bottom  friction  factor 


Bottom  drag  coefficient 


K  /  In 


z/is  close  enough  to  the  bottom  to  be  considered  within  the  constant  stress 
layer 

U^=U(z^),  the  reference  velocity 

Zq  is  equated  to  the  bottom  roughness 


The  Shields  Parameter  [Madsen,  1 993], 
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=  exp  \  5.61 
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-0.109 


sediment  diameter 


relative  density  of  sediment  to  water 
Ubm  ^vdve  near  bottom  orbital  velocity  amplitude 
co^  periodic  wave  radian  frequency 
FJ  wave  friction  factor 
^*wm‘  maximum  friction  velocity  due  to  wave 
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No  sediment  motion 
Rippied  fiow 
Fiat  with  sheet  fiow 

the  equivalent  Nikuradse  sand  grain  roughnc 
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Near  bottom  velocity  directional  spectrum  : 

Bottom  orbital  velocity  amplitude: 

U  tjl  )d(i) 

Wave  radian  frequency: 


CO 


sinh  kD 


S„„  (CO  ,(|) ), 
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CO,  = 

Dominant  direction: 

tan([). 


II  CO  d(^ 

II  (CO  ,([)  )cfco  cfct) 

II  sin(|)  (co  ,(|)  )dcd  d(^ 

II  cos  (|)  (co  ,(|)  )cfco  d(^ 


Bottom  orbital  velocity  amplitude: 
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Wave  radian  frequency: 


CO,  = 

Dominant  direction: 

tan([). 
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angle  between  wave  and  current: 


wave  friction  factor: 


reiative  strength  factors  of 
currents  and  waves: 


combined  wave-current  friction  factor: 


wave  boundary  layer  thickness 


apparent  roughness: 
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LATmJDE  LATTRJDE 


Wind  Stress  at  Surface 


Surface  Stress  over  sea  wave 
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Run  1  of  South  Chino  Sen  and  Sava 
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LATITUDE 


Yes  surface  &  No  Bottom  wave  effects 
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WTITUDE 


Difference  for  wave  induced  surface  stress 
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No  surface  &  Yes  Bottom  wave  effects 
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Yes  surface  &  Yes  Bottom  wave  effects 


hti+fc.l  E  40 
tKM/FHEL  TMAP 

Z  (sigma_level)  :  —0.9167 

TIME  :  12-RAY^S[E1T1  t&§t§^02_YY,nc 

Run  1  ri-f  South  Chlnu  Sm  ^jnd  Ja-^a  Saa 


LONGITUDE 

I— (iruiLrBi/HD)  ^  r— TBLcnltT 


LATITUDE 


FEITET  ^  E  -U 
MQWyl=tJEL  TM*P 
Cfc±  10  ^ECO.  14:Qi14- 

Z  (sigma_level)  :  0 

TIME  :  12-BAT>^SCETj  t©§t§gti02_YY.nc 

Run  1  *f  South  Chino  Sm  -and  Jo-^o  Sao 


LONGITUDE 

CnuLni/HD)  <  r— rnlDoltr 


0.600 


1 


UTITUDE 


(Yes  surface  &  Yes  Bottom  wave  effects)  -  (No  surface  &  No  Bottom  wave  effects) 
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Measured  vertical  profile  of  temperature  and  salinity  as  compared  with 
model  output  at  point  21 .6N,  117.7E. 
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Measured  vertical  profile  of  temperature  and  salinity  as  compared  with 
model  output  at  point  21 .8N,  117.2E. 


Correction  of  model  simulation  with  a  forecast  of  the  model  error  in 
measurement  locations 


■  Relaxation  of  Temperature  and  SaJjnity 
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South  East  Asia. 


^The  influence  of  surface  stress  and  bottom 
stress  have  been  examined. 


^The  coupled  model  would  ableio  assist  in 
Jie  monitoring  and  assessing  of  the  ocean 
^nvjj'.ojjJi^UoJhejreaioi 


